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Abstract

Six impurities in pantoprazole sodium bulk drug substance were detected by a simple high performance liquid chromatographic method
(HPLC) whose area percentage ranged from ~0.05 to 0.34%. Liquid chromatography—mass spectrometry (LC-MS) was performed to identify
the molecular weight of the impurities. A thorough study was undertaken to characterize these impurities. These impurities were synthe-
sized, subsequently characterized and were co-injected with the sample containing impurities and found the retention time match of the
spiked impurities. Based on their spectral data (IR, NMR and MS), these impurities were characterized as; 5-(difluoromethoxy)-2-[[(3.4-
dimethoxy-2-pyridinyl)methyl]thio]-1H-benzimidazole (Impurity-I); 5-(difluoromethoxy)-2-[[(3,4-dimethoxy-2-pyridinyl)methyl]sulfonyl]-1H-
benzimidazole (Impurity-1I); 5-(difluoromethoxy)-2-[[(3,4-dimethoxy-1-oxide-2-pyridinyl)methyl]sulfonyl]-1H-benzimidazole (Impurity-III);
5-(difluoromethoxy)-2-[[(3,4-dimethoxy-2-pyridinyl)methyl]thio]-1-((3,4-dimethoxy-2-pyridinyl)methyl)-1 H-benzimidazole (Impurity-1V); 5-
(difluoromethoxy)-2-[[(3,4-dimethoxy-2-pyridinyl)methyl]sulfinyl]-1-((3,4-dimethoxy-2-pyridinyl)methyl)- 1 H-benzimidazole (Impurity-V); 5-
(difluoromethoxy)-2-[[(3,4-dimethoxy-1-oxide-2-pyridinyl)methyl]sulfinyl]- 1 H-benzimidazole (Impurity-VI). The formation of these impurities
was proposed. The structure of the Impurity-II was unambiguously confirmed by single crystal X-ray diffraction (XRD) studies.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

[(Pyridylmethyl)sulfinyl] benzimidazoles (PSBs) have pro-
ved to be highly active inhibitors of the gastric (H*, K*)-ATPase
both in vitro and in vivo with high and long lasting antisecretory
activity [1,2]. Pantoprazole, 5-(difluoromethoxy)-2-[[(3,4-
dimethoxy-2-pyridinyl)methyl]sulfinyl]-1H-benzimidazole is
an oral pharmaceutically active compound having promising
anti-ulcer activity [3] and belongs to the class of 2-[[(2-
pyridyl)methyl]sulfinyl]-1H-benzimidazoles. In general these
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classes of compounds were used for the prevention and
treatment of gastric acid related diseases [4]. Literature studies
reveal different methods for the preparation of pantoprazole [5].
Some spectrophotometric methods for the determination of lan-
soprazole, omeprazole and pantoprazole sodium sesquihydrate
were described earlier [6—10]. However, very little information
was available for the determination of its impurities.

The presence of impurities in an active pharmaceutical ingre-
dient (API) can have a significant impact on the quality and
safety of the drug products. During the analysis of laboratory
batches of pantoprazole sodium, six impurities with ultra vio-
let (UV) area percentage ranging from 0.05 to 0.34% were
detected, by a simple HPLC method. In order to commercialize
an API, it is a mandatory requirement by regulatory authori-
ties, to identify and characterize all the unknown impurities that
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are present in it at a level of >0.10% [11]. In this context, a
comprehensive study was undertaken to characterize all the six
impurities present in the lab batches of pantoprazole sodium
by spectroscopic and spectrometric techniques and the results
are presented in this article. The pathway for the formation
of these impurities was also proposed. Among the pantopra-
zole impurities, N-methylpantoprazole, Impurity-I, -II, - VI were
described earlier as process related impurities [12—15], while
Impurity-III and Impurity-IV are being reported for the first time
here.

2. Experimental
2.1. Samples and chemicals

The investigated samples of pantoprazole sodium (Exper-
iment No. PAN/C436/2/05) bulk material was obtained from
the R&D Department, API-III, Dr. Reddy’s Laboratories Ltd.,
Hyderabad, India. Impurities-1, -1, -III, -IV, -V and -VI were
synthesized in the laboratory after identification by HPLC
and determination of molecular weight by LC-MS. HPLC
grade acetonitrile and acetic acid were obtained from Merck,
Mumbai, India. Ammonium acetate salt, phosphoric acid and
triethylamine were obtained from AR grade, SD fine chemicals
Limited, Mumbai, India. Water used for preparing mobile phase
was purified using Millipore Milli-Q plus (Milford, MA, USA)
purification system. Chloroform-d and dimethylsulphoxide-dg
were purchased from Aldrich Chemical Co., USA.

2.2. High performance liquid chromatography (HPLC)

An In-house LC gradient method was developed for the sepa-
ration of all possible related substances of pantoprazole sodium.
A Waters HPLC (717 plus auto sampler) equipped with 515
pump and Waters 2996-photodiode array detector (Waters Cor-
poration, Milford, USA) was used. The buffer solution used
for the preparation of mobile phases A and B consists 0.778 g
of ammonium acetate (0.01 M) and 1 mL of triethyl amine in
1000 mL of water, pH adjusted (pH 4.5) with diluted phospho-
ric acid. Mobile phase-A was prepared in the ratio of 70:30 (v/v)
of buffer and acetonitrile and Mobile phase-B was prepared in
the ratio of 30:70 (v/v) of buffer and acetonitrile. Symmetry
Cig, 250 mm x 4.6 mm, Sp-particle size column (Waters, Ire-
land) was used, with a timed gradient program of 7 (min)/%B
(v/v): 01720, 10/20, 15/40, 20/60, 25/80, 27/20, 35/20, with a
flow rate of 1.0 mL/min, column oven temperature was 30 °C
and column eluent was monitored by UV at 290 nm. This LC
method was able to detect all the process related substances with
good resolution.

2.3. Liquid chromatography—mass spectrometry (LC-MS)
and mass spectrometry

Mass spectrometry compatible chromatographic method was
developed for the identification of all possible related impuri-
ties of pantoprazole sodium. The buffer solution used for the
preparation of mobile phases A and B consisted of 0.778 g of

ammonium acetate (0.01 M) dissolved in 1000 mL of water and
pH adjusted (pH 4.5) with acetic acid. Mobile phase-A was
prepared in the ratio of 70:30 (v/v) of buffer and acetonitrile
and mobile phase-B was prepared in the ratio of 30:70 (v/v) of
buffer and acetonitrile. Symmetry Cig, 250 mm x 4.6 mm, 5
(Waters, Ireland) was used, with a timed gradient program of T
(min)/%B: 01/20, 10/20, 15/40, 20/60, 25/80, 27/20, 35/20, with
a flow rate of 1.0 mL/min and UV detection at 290 nm. This LC
method was able to detect all the process related substances. The
mass spectrum of impurities was recorded on AB-4000 Q-trap
LC-MS/MS mass spectrometer.

The LC-MS Analysis was performed on AB-4000 Q-trap
LC-MS/MS mass spectrometer [16]. The analysis was per-
formed in positive ionization mode with Turbo Ion Spray
interface with the following conditions: ion source voltage at
5500V, declustering potential at 80 V, entrance potential at 10V,
with the nebuliser gas as nitrogen at 30 psi. Whereas the negative
ionization was performed by switching the polarity of the ion
source voltage to —4500 V.

High resolution mass spectra were analysed on the Micro-
mass LCT Premier XE mass spectrometer equipped with an ESI
Lock spray source for accurate mass values (Water Corporation,
Milford, MA, USA). Leucine enkephalin was used as an inter-
nal reference compound, which was introduced via the Lock
spray channel. Data were acquired using the positive and nega-
tive mode. The mass spectrometer was equipped with a Waters
Aquity HPLC system. Pantoprazole sodium and its impurities
were dissolved in methanol at a concentration level of 1 mg/ml,
sonicated for Smin and centrifuged for 6 min at 16,000 rpm.
This was diluted 1:100 with methanol and introduced to the
mass spectrometer via Infusion syringe.

2.4. NMR spectroscopy

The 'H, '3C and DEPT for pantoprazole sodium were done
at 400 and 100MHz on Varian Mercury plus 400 MHz FT
NMR Spectrometer (Varian, Germany) and similar experiments
for impurities-1, -II, -III, -IV, -V and -VI were performed on
Gemini-2000 (200 MHz) in DMSO-dg.The 'H chemical shift
values were reported on the § scale in ppm, relative to TMS
(6§=0.00 ppm) and the chemical shift values were reported rela-
tive to CDCl3 (6§ =77.00 ppm) (Cambridge Isotopic Labs, USA)
and DMSO-dg (§=39.50ppm) as internal standards, respec-
tively.

2.5. Melting point determination

Melting points of all the impurities were determined by using
the capillary method on a POLMON digital melting point appa-
ratus Model no. MP 96 (Mumbai, India).

2.6. FT-IR spectroscopy

The IR spectra were recorded in the solid state as KBr dis-
persion medium using FT-IR (Perkin Elmer, Spectrum One)
spectrophotometer.
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Fig. 1. (a) HPLC chromatogram of pantoprazole sodium laboratory sample. (b) HPLC chromatogram of pantoprazole sodium laboratory sample spiked with six

impurities.
2.7. Single crystal XRD studies

Single crystals suitable for X-ray diffraction were grown from
chloroform and benzene. The intensity data was collected on
Rigaku AFC-7S single crystal diffractometer [17] using Mo Ko
radiation (1 =0.7107 A) with CCD Mercury area detector. The
structure was solved by direct methods SIR92 [18] and refined
using least squares procedures with the Crystal Structure soft-
ware [19].

2.8. Synthesis of impurities

The Impurity-I is one of the key intermediate in the prepa-
ration of pantoprazole; Impurity-II was synthesized by further
oxidation of pantoprazole using m-chloroperbenzoic acid (m-
CPBA) as an oxidizing agent. Impurity-III was synthesized
by further oxidation of Impurity-II using m-CPBA, Impurity-
IV was synthesized by the condensation of Impurity-I and
pantoprazole chloro compound (a key starting material, 2-
chloromethyl-3,4-dimethoxy pyridine hydrochloride) in the
presence of sodium hydroxide as a base; Impurity-V was syn-
thesized by further oxidation of Impurity-IV using m-CPBA
as an oxidizing agent; Impurity-V preparation is a three-
step process, synthesis consist of N-oxide preparation from
its chloro compound using m-CPBA, followed by conden-
sation with 5-difluoromethoxy-2-mercapto-1H-benzimidazole
and then oxidation of obtained sulfide compound using m-
CPBA.

3. Results and discussion
3.1. Detection of impurities-I, -II, -11I, -1V, -V and -VI

A typical analytical LC chromatogram of a laboratory batch
of pantoprazole sodium bulk drug recorded using the LC method
is described in Section 2.2. The LC-MS compatible method
which is used to detect the impurities is described in Sec-
tion 2.3 (Fig. 1). Retention times in HPLC and structures of
these impurities and pantoprazole sodium are shown in Table 1.
Impurities-VI and -1III are polar and Impurity-II, -1, -V (one iso-
mer) and Impurity-IV (both positional isomers) are non-polar,
respectively with respect to pantoprazole sodium.

3.2. Structural elucidation of pantoprazole and its
impurities

The +ve electrospray ionization (ESI) spectrum of the
impurity showed peaks at m/z 367.9,735.7, 389.9 and 757.1 cor-
responding to the adduct ions (M +H)*, 2M +H)*, (M + Na)*
and (2M +Na)*. The —ve ES-MS spectrum showed deproto-
nated molecular ion peak at m/z 365.9 (M —H)™.

The DEPT spectra displayed one negative signal due to one
methylene group and eight positive peaks due to the presence
of two methyl groups and the rest are due to the methine
groups. IR spectrum displayed characteristic absorptions at
1588, 1305 and 1124cm™! corresponding to C=C, C-N and
C-F stretching which was supported by the appearance of the



204 G.M. Reddy et al. / Journal of Pharmaceutical and Biomedical Analysis 45 (2007) 201-210

Table 1

HPLC retention time, molecular weight (MW) from LC-MS, nature of the compounds and atom numbering used for NMR assignment of the impurities

S. no. Retention time? (min) Compound MW Structure Nature

}0
0 Oo— 19
i 18
— 17
. 7 8 H 2 B
1 16.26 Impurity-I 367 Process related

10 4 3 Impurity -I

2 10.06 Impurity-1I 399 Process related
3 5.27 Impurity-IIT 415 Process related
1
! 8 . Nat+ 0
4 7.37 Pantoprazole sodium 383 6 N 2 || 11 API
5 /> S
N
F2HCO T " &
10
Pantoprazole sodium
5 22.20,22.87 Impurity-IV® 518 Process related
6
2
F;HCO
10

Impurity-I'V
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Table 1 (Continued )

205

S. no. Retention time® (min) Compound MW Structure Nature
6 16.60 Impurity-V 534 Process related
6
5
FoHCO
10
7 4.18 Impurity-VI 399 6 Process related
5
FoHC
10

Impurity -VI

2 Retention time of compounds in HPLC.
b This impurity contains two positional isomers.

quaternary carbon signal characteristic of a C=N group in 13C
NMR spectrum. The peaks at 1281, 1172 and 1038cm™! in
the IR spectrum are indicative of ether functionality. Based
on the above spectral data the molecular formula of Impurity-
I could be C;gH{5F>,N303S. This molecular formula matched
well with the protonated molecular ion observed at m/z 367.9
in the mass spectral data. The data obtained from the spec-
tral studies can be rationalized in terms of Impurity-I having
the molecular formula C1¢H5F2N303S and the corresponding
structure was characterized as 5-(difluoromethoxy)-2-[[(3,4-
dimethoxy-2-pyridinyl)methyl]thio]-1H-benzimidazole (reten-
tion time = 16.26).

The spectral data of pantoprazole is compared with those of
impurities-I to -VL. It is interesting to note that Impurity-I, -II,
-III and -VI have the same skeletal system as evident by the
number of NMR signals. The mass spectra of the Impurity-I and
-II displayed protonated molecular ion at m/z 367.9 and 400.4,
which is 16 amu less and 16 amu more than that of pantopra-
zole (molecular ion m/z 383), respectively. The chemical shift
of methylene carbon adjacent to sulphur appeared at 32.82 and
57.38 ppm for Impurity-I and Impurity-II, respectively. Thus the
Impurity-I and Impurity-II structure can be explained in terms
of removal and addition of oxygen on sulphur, respectively from
pantoprazole.

Though the protonated molecular ion for both Impurity-
II (m/z 400.4) (retention time=10.06) and Impurity-VI (m/z
400.3) (retention time =4.18) was same, the diagnostic change
in the aromatic protons in pyridine moiety in Impurity-VI

indicates the formation of N-oxide impurity of pantoprazole.
Similarly on comparison of Impurity-II with Impurity-III (reten-
tion time=5.27), the chemical shift change in the aromatic
protons in the pyridine moiety indicates that Impurity-1II is an
N-oxide of Impurity-II.

The spectral data of Impurity-IV (retention time=22.20,
22.87) have several additional resonances both in the aliphatic
and aromatic region. The protonated molecular ion at m/z, 519.0
can be attributed to the N-alkylated product of Impurity-I and
2-chloromethyl-3,4-dimethoxy pyridine hydrochloride moiety.

The mass spectra of the Impurity-V (retention time = 16.60)
displayed protonated molecular ion at m/z 535.3, which is
16 amu more than that of Impurity-IV (protonated molecular
ion m/z 519.0). The chemical shift of methylene carbon adja-
cent to sulphur appeared at 34.96 and 56.59 ppm for Impurity-IV
and Impurity-V, respectively. Thus the Impurity-V structure can
be explained in terms of the addition of oxygen on sulphur in
Impurity-IV. The spectral data used for elucidation of the Impu-
rities from I to VI, are tabulated (Figs. 1 and 2 and Tables 1-3 ).

3.2.1. Single crystal XRD studies of Impurity-11

The molecular structure of Impurity-II is further con-
firmed by single crystal XRD studies. Impurity-II crystallizes
in the monoclinic space group P2;/n from methanol with
cell dimensions a=11.51(1)A, b=7.896(9) A, c=19.27(2) A,
B=97.45(12)°, V=1737(3) A3 containing four molecules in the
unit cell. The structure was solved by direct methods with
the final R value of 0.092 with 4286 unique reflections. All
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Fig. 2. Formation of impurities.

the H’s were included in the refinement at calculated posi-
tions, in the riding model approximation with C—H bond
distances of 0.950A. An absorption correction was applied
using the multi-scan method. Thus, the structure of Impurity-II
is determined as S5-(difluoromethoxy)-2-[[(3,4-dimethoxy-2-
pyridinyl)methyl]sulfonyl]-1H-benzimidazole.

All the bond parameters are found to be normal [20]. The
angle between the benzimidazole and the pyridinyl ring is
14.282(3)°. The methylsulfonyl group, which adopts trans con-
formation, links the benzimidazole and pyridinyl, rings. The
molecules are held together in the lattice by intermolecular and
intramolecular hydrogen bonds, the hydrogen bonding geometry
is given in Fig. 3.

3.3. Formation of impurities

One of the intermediate used in the synthesis of pantoprazole
was Impurity-1. Pantoprazole on further oxidation yields Impur-
ity-II, -VI and then Impurity-III. Due to the condensation
of pantoprazole chloro compound with Impurity-I, 5-(dif-
luoromethoxy)-2-[[(3,4-dimethoxy-2-pyridinyl)methyl]thio]-
1-((3,4-dimethoxy-2-pyridinyl)methyl)- 1 H-benzimidazole
(Impurity-IV, two positional isomers, S5-difluoromethoxy
analogue and 6-difluoromethoxy analogue) are formed which
undergo oxidation to Impurity-V. The schematic diagram for
the formation of Impurities-I, -II, -III, -IV, -V and -VI are
shown in Fig. 2.



Melting range, FT-IR, mass spectral data of pantoprazole sodium and its impurities-I, -II, -III, -IV, -V and -VI

Melting point (°C)

IR? (cm™)

MS analysis

Pantoprazole sodium

165-170

145-150

158-162

135-138

145-149

165-170

141-161 (dec.)®

3546 (N-H stretching), 3256 (aromatic C—H stretching), 2942, 2877
(aliphatic C—H stretching), 1588, 1485 (aromatic C=C stretching),
1379, 1366 (aliphatic C—H bending), 1305 (C-N stretching), 1281,
1172, 1124 (C-F stretching), 1038 (C-O stretching), 860, 805
(aromatic C-H bending)

3111 (aromatic C—H stretching), 2946, 2842 (aliphatic C-H
stretching), 1588, 1499, 1453, 1427 (aromatic C=C, stretching), 1383
(aliphatic C-H bending), 1305 (C=N stretching), 1282, 1187, 1044
(C-O stretching), 1131 (C-F stretching) 1067 (S=O stretching), 824
(aromatic C-H bending)

3412 (moisture O-H stretching), 3104 (aromatic C—H stretching),
2973, 2900 (aliphatic C—H stretching), 1495, 1471, 1435 (aromatic
C=C stretching), 1336 (aliphatic C-H bending), 1307 (C=N
stretching), 1288, 1085 (C-O stretching), 1131 (C-F stretching), 1052,
1040 (S=O stretching), 757 (aromatic C—H bending)

3451 (moisture O—H stretching), 2982 (aromatic C—H stretching),
2944, 2839 (aliphatic C-H stretching), 1588, 1489, 1445, 1434
(aromatic C=C stretching), 1372, 1350 (aliphatic C—H bending), 1300
(C=N stretching), 1229, 1173, 1065 (C-O stretching), 1120 (C-F
stretching), 826, 815 (aromatic C—H bending).

3423 (moisture O—H stretching), 3038 (aromatic C—H stretching),
2979, 2944 (aliphatic C—H stretching), 1586, 1489, 1446, 1421
(aromatic C=C stretching), 1371, 1352 (aliphatic C—H bending), 1300
(C=N stretching), 1262, 1173, 1111 (C-F stretching), 1061 (S=0
stretching), 1047 (C-O stretching), 816 (aromatic C—H bending)

3468 (moisture O—H stretching), 3112 (aromatic C—H stretching),
2946, 2841 (aliphatic C-H stretching), 1496, 1472, 1432, 1389
(aromatic C=C stretching), 1389, 1358 (aliphatic C—H bending), 1309
(C=N stretching), 1275, 1166, 1023 (C-O stretching), 1121 (C-F
stretching), 1063 (S=O stretching), 831 (aromatic C—H bending)
3488 (moisture O—H stretching), 3181 (aromatic C—H stretching),
2998, 2942 (aliphatic C-H stretching), 1590, 1491, 1465, 1450, 1428
(aromatic C=C stretching), 1363, 1376 (aliphatic C—H bending), 1305
(C=N stretching), 1277, 1171, 1042 (C-O stretching), 1121 (C-F
stretching), 1073 (S=O stretching), 837 (aromatic C—H bending)

+ve ES-MS: 367.9 (M+H)*, 735.7 2M +H)*, 389.9 (M +Na)*, 757.1
(2M +Na)*. HRMS: m/z caled for (M +H)* C16H6N303F,S: 368.0880;
found: 368.0883 (ppm: 0.8). —ve ES-MS:365.9 (M — H)~. HRMS: m/z calcd
for (M —H)™. C16H14N303F;S: 366.0724; found: 366.0723 (ppm: —0.3)

+ve ES-MS: 400.4 (M+H)*, 422.0 (M +Na)*, 821.2 2M +Na)*, 416.0
(M +NH3)*. HRMS: m/z calcd for (M +H)* Ci6H6N3O5F,S: 400.0779;
found: 400.0792 (ppm: 3.2). —ve ES-MS: 397.8 (M —H)~. HRMS: m/z
caled for (M —H)™. C16H14N305F,S: 398.0622; found: 398.0623 (ppm:
0.3)

+ve ES-MS: 415.8 (M +H)*, 437.9 (M +Na)*, 852.9 (2M + Na)*. HRMS:
m/z calcd for (M +H)* C16H N30 F»S: 416.0728; found: 416.0725 (ppm:
—0.7). —ve ES-MS: 413.8 (M —H)~. HRMS: m/z calcd for (M —H)~.
C16H14N306F,S: 414.0571; found: 414.0579 (ppm: 1.9)

+ve ES-MS: 519.0 (M +H)*, 541.0 (M +Na)*, 557.0 (M +K)~. HRMS:
m/z caled for (M +H)* Co4HsN4OsF,S: 519.1514; found: 519.1506 (ppm:
—1.5). —ve ES-MS: 517.0 (M —H)~. HRMS: m/z calcd for (M +Cl)~
C4H24N40O5F,SCl: 553.1124; found: 553.1123 (ppm: —0.2)

+ve ES-MS: 5353 (M+H)*, 1069.6 (2M+H)*, 557.1 (M+Na)*,
1091.6 (2M +Na)*. HRMS: m/z caled for (M+H)* CoqHpsN4O6F,S:
535.1463; found: 535.1461 (ppm: —0.4). HRMS: m/z caled for (M +Cl1)~
Ca4H4N4OgF>SCl: 569.1073; found: 569.1088 (ppm: 2.6)

+ve ES-MS: 400.3 (M +H)*, 422.3 (M +Na)*, 821.1 (2M +Na)*, 438.5
M+ K)+. HRMS: m/z caled for (M + H)Jr C]()H16N305FQSI 400.0779;
found: 400.0786 (ppm: 1.7). —ve ES-MS: 399.9 (M —H)~. HRMS: m/z
caled for (M —H)™ Ci16H14N305F;S: 398.0622; found: 398.0622 (ppm:
0.0)

+ve ES-MS: 383.9 (M+H)*, 1151.0 BM +H)*, 406.4 (M +Na)*, 789.9
(2M +Na)*. HRMS: m/z caled for (M +H)* C1gHsN304F,S: 384.0830;
found: 384.0832 (ppm: 0.5). —ve ES-MS: 381.8 (M —H)~. HRMS: m/z
caled for (M —H)~™ C16H14N304 F>S: 382.0673; found: 382.0672 (ppm:
—0.3)

2 KBr (Impurities-I, -1, -111, -IV, -V, -VI and pantoprazole sodium).
b Melting with decomposition.
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Table 3

I'q and 13C NMR assignments for pantoprazole sodium and impurities-I, -1, -III, -IV, -V and -VI

Position® Pantoprazole sodium Impurity-I Impurity-II Impurity-IIT

'H ppm/J 3¢ DEPT 'H ppm/J 3¢ DEPT 'H ppny/J B¢ DEPT 'H ppm/J B¢ DEPT
1 - - - - NH 12.76/br - - NH 13.9/br - - NH 13.9/br - -
2 - - 164.10 — - - 151.86 - - - 149.52 - - - 134.92 -
4 1H 7.2/d,2.2 10750 CH  1H 7.28/br 104.94 CH 1H 747/br 106.37 CH IH 7.45/br 106.36 CH
5 - - 146.89 - - - 149.55 - - - 147.99 - - - 147.93 -
6 IH 6.8/dd(8.6,23) 11245 CH IH 6.97dd(24,84) 113.58 CH 1H 7.23/dd(2.4,9.2) 117.34 CH 1H 7.23/dd(2.0,8.0) 117.20 CH
7 IH 7.4/d,8.6 11753 CH  1H 7.47/d(8.4) 113.75 CH IH 7.75/d(9.2) 118.50 CH IH 7.73/d(8.0) 118.46 CH
8 - - 144.60 - - - 142.95 - - - 138.42 - - - 138.36 -
9 - - 14588 - - - 140.00 - - - 136.19 - - - 136.16 -
10 IH 7.0 76 11753 CH  1H 7.16/t(74.8) 116.96t(255.9)° CH  1H 7.28/t (74.4) 116.71/t(256.7)> CH  1H 7.27/t(74.4) 11720t (256.6)° CH
12 Ha 4.7/d,13.0 57.16 CH, 2H 4.67/s 32.82 CH, 2H 4.98/s 57.38 CH, 2H 5.23/s 52.61 CH,

Hb 4.3/d, 13.0 - - - - - - - - - - - -
13 - - 144.60 — - - 149.55 - - - 141.63 - - - 146.07 -
15 1H 82/d,55 14665 CH -  8.16/d(5.6) 145.97 CH 1H 7.98/d(52) 145.64 CH 1H 8.02/d(7.2) 134.51 CH
16 IH 7.14,5.5 10798 CH -  7.09/d(5.6) 108.19 CH IH 7.09/d(52) 108.97 CH IH 7.19/d(72) 109.97 CH
17 - - 15836 - - - 158.21 - - - 158.37 - - - 150.39 -
18 - - 15836 — - - 145.48 - - - 144.98 - - - 150.46 -
19 3H 3.8/s 5594 CH; 3H 3.90/s 55.93 CH; 3H 3.89/s 55.99 CH; 3H 391/ 56.61 CH;
20 3H 3.9/s 60.95 CH; 3H 3.81/s 60.57 CH; 3H 3.77/s 60.69 CH; 3H 3.80/s 61.15 CH;

80¢C
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Table 3 (Continued)

Position* Impurity-IV Impurity-V Impurity-VI
'H ppm/J Ele DEPT 'H ppm/J B¢ DEPT 'H ppm/J 3¢ DEPT
1 _ - _ - - - - - NH 13.8/br - -
2 - - 149.14 - - - 155.07 - - - 15630 -
4 H 730/d 2.0) 10150 CH 1H 747/ (2.0) 102.06 CH H 7.37/br 103.50 CH
5 - - 14775 - - - 147.87 - - - bre -
6 H 6.98/m 110.54 CH IH  7.16/dd (2.0,88)  115.46 CH H 7.69/br 122.00 CH
7 1H 759/ (8.8)  118.18 CH IH  7.84/d (8.8) 121.28 CH 1H 7.20/br 116.10 CH
8 - - 134.43 - - 136.31 - - - bre -
9 - - 137.09 - - - 139.08 - - - bre -
10 IH 7.15/t(748)  116.95t(255.7) CH IH  7.20/ (74.0) 116.611(2559) CH H 704/ (744) 1168112559 CH
Ha  4.62/d (13.6) 4.80/dd
12,12 2H 4.66/s 34.96 CH, Hb  5.01/d (13.2) 36.59 CH, oH (12,0, 52.01 CH,
2H 5.44/s 44.26 2H  5381q(16.38) 4423 14.8)
13,13 - - - _ - - 142.30 - - - 136.63 -
15, H 813/d(52) 14778 H  8.17/d(5.2) 147.60 8.19/d
15’ 1H 8.04/d (5.6) 14544 CH 1H  8.03/d(5.6) 145.86 CH IH a2 134.71 CH
16. 1H 7.08/d(5.6) 10837 . 1H  7.09/d(5.2) 108.47 . . 7.21/d 10954 .
16 IH 7.07/d(5.6)  108.15 1H  7.07/d(5.6) 108.32 a2 '
17,17 - - 153.17, 15389 — - - 145.45 - - - 150.62 -
18, 18’ - - 158.07, 158.03  — - - 15835, 158.12 - - - 146.27 -
19, 3H 3.78/s 60.48 55.97
e - oy c0as CH; 6H 3.8/ o CH; 3H 3.90/s 56.55 CH;
20, 3H 3.89/s 3H 387/ 60.76
e H B 55.89 CH; W cor CH; 3H 3.71/s 61.43 CH;

s, singlet; d, doublet; dd, doublet of doublet; t, triplet; m, multiplet; dt, doublet of triplet; br, broad. 12-20" applicable for Impurity-IV and -V.

# Refer the structural formula (Table 1) for numbering.
b Splitting due to coupling between °F and '3C.

¢ Signals not observed.
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(a)
-~ C(16)
1 : \ O4) |
T — e
: oB ¢ C(15)y
c(3) \0(5) A
I ) N(2) 0(2) — ) C(12)
o(1) 3 l \ ‘ ‘ C(9 / \ C(13)
e C2) \ / .-‘
/ \ C C(10)
cf l S(1)
F2) o 1 N(T) , C(14)
[co ) N(3)
03
F() (3)
(b) " D-H..A D-H H.A D.A D-H.A symmelry
C7-H1...Fl 0.9500 2.5100 3.033(12) 115.00 XY,z
C7-H1..03 09500 25800 3.117(12) 11600  1/2-x,-1/2+y, 1/2-z
C15-H6..02 09500 2.5500 3.337(16) 140.00 X, l+y.z
C16-H9..04 09500 25300 2.883(19) 102.00 X9z
C9-HI2..05 09500 23200 2.741(13) 106.00 X9,z

Fig. 3. (a) Molecular structure of Impurity-II and (b) hydrogen bonding geometry of Impurity-II.

4. Conclusion

The process related impurities in pantoprazole sodium bulk
drug were identified, synthesized and characterized using HPLC,
LC-MS, IR and NMR ('H, 13C and DEPT) techniques.
Impurity-II was confirmed unambiguously by single crystal
XRD studies.
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